Silane and hydrogen discharges are widely used for the deposition of silicon thin film solar cells in large area plasmaenhanced chemical vapor deposition reactors. In the case of microcrystalline silicon thin film solar cells, it is of crucial importance to increase the deposition rate in order to reduce the manufacturing costs. This can be performed by using high silane concentration, and usually high RF power and high pressure, all favorable to powder formation in the discharge that generally reduces the deposition rate as well as the deposited material quality. This work presents a study of powder formation using time-resolved optical emission spectroscopy. It is shown that this technique is suitable to detect different regimes in powder formation ranging from powder free discharge to discharge producing large dust particles. Intermediate powder formation regimes include the formation of small silicon clusters at plasma ignition as well as cycle of powder growth and ejection out of the discharge, and both are observable by this low-cost and experimentally simple technique.
INTRODUCTION
Cost reduction is a major issue in silicon thin film solar cells manufacturing to compete with conventional electricity sources. Therefore, the development of new processes as well as new equipments is mandatory to enable an increase in deposition rates over large areas (> 1 m 2 ). This is of major importance in the case of micromorph cells, combining a thin top amorphous silicon cell and a thick bottom microcrystalline silicon cell. Indeed, one of the most expensive parts in such cells is the microcrystalline silicon layer because of its important thickness (≈ 2 μm), making the processing time very long for standard deposition rates (< 0.5 nm/s) using plasma-enhanced chemical vapor deposition (PECVD) with silane (SiH 4 ) and hydrogen (H 2 ) as source gases. Increase in the deposition rate for microcrystalline processes is achieved mainly by playing with the deposition parameters. The RF power [1] , the SiH 4 concentration in H 2 [2] , as well as the working pressure [3] have been increased to achieve higher SiH 4 dissociation efficiency to raise the deposition rate. However, all three techniques, even separately, have the notable drawback to increase the powder formation in the discharge. Powder formation starts by the appearance of poly-silanes (Si 2 H 6 , Si 3 H 8 ,…) resulting from the gas phase reaction of the SiH 2 silane radicals [4] or anions [5] issued form silane dissociation in the plasma with undissociated silane. Once these poly-silanes formed, they lead rapidly to coarser silicon particles associated to powder [6] . Therefore, the techniques to increase the silane dissociation efficiency consisting in increasing the silane dissociation rate by increasing the RF power density or increasing the silane residence time in the plasma by increasing the pressure or the silane concentration lead all to powder formation by promoting the poly-silanes generation.
Therefore, the detection of the onset of powder formation is of crucial importance in order to find the optimum deposition parameters, balanced between the beneficial effect of the increase in RF power, pressure and silane concentration on the deposition rate and powder formation in the discharge. Different techniques have been proposed to detect powder formation such as electrical characterization of the discharge [5] , laser light scattering [7] or mass spectroscopy [8] . In this work, optical emission spectroscopy is proposed to detect the powder formation in silanehydrogen discharges. It is shown that this low cost and experimentally simple technique allows the detection of electron density as we powder free r [9] . It was by (Fig. 3 a.2 
CONCLUSIONS
Time-resolved optical emission spectroscopy (OES) was used to detect the presence of powder formation in silanehydrogen discharge in large area plasma-enhanced chemical vapor deposition reactor. It was shown that this technique was suitable to detect different regimes of powder formation between the two extreme cases where the discharge is free of powder and discharge leading to strong dust formation. The first sign of powder formation can be observed even at very low pressure, RF power and silane concentration and can be attributed to silicon cluster produced directly after the discharge ignition. For discharge more favorable to powder formation, i.e. at higher pressure, RF power or silane concentration, cycle of particle growth and ejection out of the discharge can also be observed by OES. It was shown that powder has more influence on the electron density than on the electron temperature. However, the electron temperature becomes very unstable when strong dust formation is observed. Finally, it was shown that as soon as cycles of powder growth and ejection are observed, the deposition rate drops because of the loss of silicon radicals for deposition onto the substrate.
